The growth of importance of nanocapsules (and other particulate systems) in different fields requires fast 10 and reproducible methods for their production. Confined impinging jet mixers were successfully used for 11 the production of nanospheres and are now tested for the first time for the production of nanocapsules. 12
INTRODUCTION

THEORETICAL BACKGROUND
114
The formation of nanocapsules and nanospheres during solvent displacement is a complex process happens at the molecular level is of primary importance for manipulating and controlling the overall 117 process. Classical precipitation theory explains particle formation in three steps: nucleation, 118 molecular growth, and particle aggregation.22 Supersaturation is the driving force for particle 119 formation and in solvent displacement processes, it is built up by mixing of the solvent and the 120 antisolvent. As in this work we are interested in both nanospheres and nanocapsules, it is necessary 121 to review and briefly discuss the theory presented in the literature for these two systems.
122
In the case of nanospheres, the copolymer and organic compound are dissolved in the solvent and In addition, when solvent and antisolvent are mixed together, the oil dissolved in the solvent 144 separates, resulting in drops which tend to coalesce. This can be prevented (as in the case of 145 nanospheres) by the deposition of the copolymer around the drops; however, in the case of 146 nanocapsules, copolymer reorientation on the interface might play a different role. In any case, also 147 for nanocapsules, mixing efficiency is expected to be fundamental in order to have homogeneous 148 and optimal conditions for the formation of very small drops and an even distribution of copolymer 149 molecules around drops. 
MATERIALS AND METHODS
158
The poly(MePEGCA-co-HDCA) copolymer was synthesized by condensation of the two monomers 
188
The solubility of the copolymer for three water-acetone mixtures was studied. The investigated whereas the detailed quotes are reported in Table 1 . They are labeled in what follows as scale-down,
208
CIJM-d1, scale-up (corresponding to three CIJMs exactly scaled-up by a geometric factor equal to 209 two), and CIJM-d2 (corresponding to the same chamber size of CIJM-d1 but with bigger inlet pipe).
210
The comparison of the results obtained with these four mixers allows to evidence scale-up and 211 scale-down effects, as well as the effect of the chamber and inlet pipe size on the final size 212 distribution.
213
Nanocapsules and nanospheres were characterized in terms of their size distribution (although 214 reported data refer only to the mean size) and zeta potential and spherical shape was confirmed by in all the cases investigated, and will be discussed as follows.
298
A common trend for all the mixers can be observed: increasing the FR, faster mixing is achieved,
299
resulting in smaller particles. It is also interesting to observe that it is the same for both the 300 quenched and the nonquenched particles. The data seem to evidence a point after which further 301 increases in FR has little effect; this is expected by previous works in similar fields. effect of the wideness of the size distribution is detected. As simulations for a similar system show,
312
in some cases there is a significant effect of mixing on particle size but a very limited one on 313 polydispersity (especially when this is quantified as relative to the mean particle size). The 314 combination of these two factors results in the possibility of playing with mixing only for the fine 315 tuning of particle size, leaving almost unchanged relative polydispersity.
316
It must be said that at very low FR the uncertainty of the experimental data is relatively high,
317
especially for the larger mixers, for which a lower reproducibility is observed; this may be a 318 consequence of the fluid dynamic regime, as the inlet jets are laminar and thus the flow in the 319 chamber is in the transitional region, with turbulence developing. In any case, it seems that the size 320 increase that is observed, even when no quench is used, is similar in the whole range investigated,
321
including the low FR region, thus confirming that the mixing performances of these devices are 322 good also in the laminar regime.
323
In Figure 2 , the performances of the three mixers are compared plotting the size of the nanocapsules mixer, whereas the scale-down mixer gives larger particles (and with higher energy costs). Only the 335 quenched particle case is shown, but the behavior is similar (at least for the three-scaled mixers) for 336 the nonquenched case. In these cases, the ratio between the inlet jet diameter and the chamber size 337 is maintained constant, thus it is not possible to evidence which one of these geometrical variables 338 eventually is more important, but it may be concluded that a larger size is surely favorable because 339 it allows to increase throughput, reducing at the same time the final particle size (or eventually to 340 obtain the same size at reduced jet velocity, and thus with lower energy input). concentrations of oil and polymer (that is for a fixed characteristic process time).
348
More complex to explain is the behavior of the CIJM-d2, which has the same chamber of the CIJM-effect. Probably, under these conditions, the polymer quantity available for the formation of the 462 copolymer shell is too small, and the forming nanocapsules collapse; further work will be necessary
463
to investigate what happens under these limiting conditions. concentration of both copolymer and oil.
467
Results confirm that the copolymer concentration can play also an important role in the final 468 nanocapsule size, as it stabilizes oily drops and prevent further coalescence. In particular, they
469
clearly show that at MR lower than one, the total concentration of polymer and oil is not important,
470
but it is their MR that determines the final size, indicating that the copolymer is able to block oily 471 drops growth by surrounding them; at higher MRs, results depend on the polymer concentration. As 472 already mentioned, working at high mixing intensity (Reynolds numbers greater than 1000) the 473 mean particle size is, on average, between 170 and 280 nm, depending on the mixer and on the MR.
474
The only data point which does not fall within this range was obtained at MR 2.37 with a 475 copolymer concentration of 3.2 mg/mL and oil concentration of 8 µL/mL. This data set shows a 
